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Colour: in bright light the object is seen in full colour, but

in very dark conditions it is seen in black and white (shades of grey).

Explanation: bright light uses only the cones (very dim light uses only

the rods). There are three types of cone, each sensitive to a different

range of wavelengths (red, green, blue), so cones see in colour. There is

only one type of rod, so rods see in black and white only.

Detail: in bright light the image has high resolution (fine

detail), but in very dark conditions the image has low resolution.

Explanation: each cone has its own nerve fibre to the brain, so cones

give high resolution. In dim light only rods are used, and several rods

share one nerve fibre, so the brain cannot tell which rod was stimulated

and the resolution is low.

stemup.co.uk

https://stemup.co.uk


Under the patch the eye is in the dark, so its rods adapt to the dark

(dark adaptation) while the other eye is in bright light.

Adaptation takes time (about 30 to 45 minutes) because the rods have

to regenerate rhodopsin (visual purple), reversing the effect of bleaching

of the rods by bright light.

So when the patch is removed below decks, the eye is already

dark-adapted, and the pirate can see immediately in the very low light

levels.
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The ossicles act as levers (with a lever ratio of about 1.5), so the force

on the oval window is larger than the force on the tympanic membrane.

So they increase the force, and this larger force acts on the much

smaller area of the oval window, giving a larger pressure in the fluid.

Area of tympanic membrane = πd2/4 = π × (0.010)2/4 = 7.85 × 10-5 m2

Pressure ratio = (5.0 × 10-2)/(2.5 × 10-3) = 20

Ossicles multiply the force by 1.5, so area ratio = 20/1.5 = 13.3

(Check: F on drum = 2.5 × 10-3 × 7.85 × 10-5 = 1.96 × 10-7 N;

F on window = 1.96 × 10-7 × 1.5 = 2.94 × 10-7 N)

Area of oval window = 7.85 × 10-5/13.3

= (2.94 × 10-7)/(5.0 × 10-2) = 5.9 × 10-6 m2

5.9 × 10-6
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500 keV photons are better: 38% of the 500 keV radiation reaches the

tumour compared with only 19% at 100 keV, so less of the 500 keV

radiation is absorbed by the healthy brain tissue on the way.

So 500 keV photons cause less damage to the surrounding healthy

tissue.

I = I0e−μx, so fraction reaching tumour I/I0 = e−μx

100 keV: I/I0 = e−0.15 × 11 = e−1.65 = 0.19

500 keV: I/I0 = e−0.087 × 11 = e−0.957 = 0.38

(half-value thickness x1/2 = ln2/μ: 100 keV 4.6 cm, 500 keV 8.0 cm)
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Copper is better. It is better at removing the 100 keV photons, which

would mostly be absorbed by and damage healthy cells.

Copper's μ at 100 keV (3.8) is about 5 times its μ at 500 keV (0.73),

but only about 2 times for aluminium, so copper removes a larger

fraction of the 100 keV radiation than of the 500 keV.

Use a rotating beam (or multiple beams) centred on the

tumour.

The X-rays enter through different paths and are spread out, so each

part of the healthy tissue receives a lower dose, while the tumour

receives the full dose all the time.
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Producing a pulse: an alternating potential difference is applied across

the piezoelectric crystal by the electrodes (through the coaxial cable).

This causes the crystal to expand and contract (vibrate), creating

pressure waves in the crystal and plastic membrane, which pass into

the body as ultrasound.

The frequency of the alternating pd is made equal to the resonant

frequency of the crystal, so it vibrates with large amplitude, and this

frequency is above 20 kHz (typically 1 to 15 MHz).

The pd is applied for only a very short time, so a short pulse of

ultrasound is produced. The backing material then damps the crystal and

stops it vibrating quickly, and the acoustic absorber absorbs ultrasound

travelling backwards.

Detecting the reflection: the reflected ultrasound pulse is a pressure

wave that reaches the crystal. This pressure wave causes the crystal to

expand and contract, and this produces an alternating potential
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difference across the crystal (the piezoelectric effect), which is sent

along the cable to be processed.

Transmitting and receiving: the same transducer acts as a transmitter

and a receiver because the piezoelectric effect works both ways. The

crystal must have stopped vibrating (damped by the backing material)

before the reflected pulse reaches it, so it is free to detect the echo.

The time between sending and receiving the pulse gives the depth of

the boundary.

λ = c/f = 1600/(1.0 × 106) = 1.6 × 10-3 m

resolution ≈ wavelength = 1.6 mm

1.6
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acoustic impedance = density × speed of sound (ρc)

air: 1.3 × 330 = 429 kg m-2 s-1

lung tissue: 1075 × 1580 = 1.70 × 106 kg m-2 s-1

fraction reflected = ((lung − air)/(lung + air))2

= ((1.70 × 106 − 429)/(1.70 × 106 + 429))2 = 0.999

So 99.9% is reflected

transmitted = 100 − 99.9 = 0.1%

0.1
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Not suitable: almost all (99.9%) of the ultrasound would be reflected

because of the huge difference in acoustic impedance between air and

tissue.

When going from the air inside the lungs to the lung tissue, only about

0.1% is transmitted, so almost no ultrasound reaches the tumour and no

useful echo returns.
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